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ABSTRACT

Methods of treatment, pharmaceutically acceptable solu-
tions, and implantable devices are provided for the intrath-
ecal treatment of AED-resistant seizures using levetirac-

etam.
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INTRATHECAL ADMINISTRATION OF
LEVETIRACETAM

FIELD OF THE INVENTION

[0001] The present invention relates to methods for reduc-
ing or preventing seizures in patients, particularly seizures
that are resistant to orally and systemically administered
anti-epileptic drugs (“AEDs”). The methods are particularly
well adapted to the treatment of debilitating seizure clusters,
by intrathecally administering levetiracetam using implant-
able reservoir-fed pumps.

BACKGROUND OF THE INVENTION

[0002] Since at least the 1970’s, researchers have been
investigating the potential benefits from administering medi-
cations directly to the central nervous system, i.e. into the
intra-cerebroventricular space (“ICV”), into the intra-thecal
space, and more generally into the spinal axis. Several
therapies have been developed for the treatment of chronic
pain and chronic muscle spasms using morphine, ziconitide,
and baclofen, under the trade names Infumorph®, Prialt®,
and Lioresal®, respectively. Each of these drugs is infused
into the cerebral spinal fluid (“CSF”) via a SynchroMed®-11
implantable pump manufactured by Medtronic (Minneapo-
lis, Minn.), or a similar device.

[0003] The SynchroMed®-II implantable pump and simi-
lar pumps are surgically implanted through a lumbar punc-
ture in the abdomen. The device is implanted chronically
and is expected to remain in place for many years because
of the chronic nature of the pain or spasticity. The program-
mable delivery system offers additional patient benefits
because it only needs to be filled every few months, and a
programmable pump allows complex dosing options.
[0004] More recently researchers have investigated the
potential for administering antipsychotic drugs and anti-
epileptic drugs (“AEDs”) directly to the central nervous
system. In 1991 Gonzalez-Darder et al. reported a study on
the effects of intrathecal administered sodium valproate,
phenobarbital sodium, and midazolam on electroshock-in-
duced convulsions in an experimental rat model. See
Gonzalez-Darder J M, Gomez-Cardenas E, Guerrero M,
Segura-Pastor D, Gil-Sala J L. Intrathecal antiepileptic
drugs in experimental epilepsy. Stereotact Funct Neurosurg
1991; 57(3):147-55. More recently, Stevens et al. proposed
intra-thecal and ICV administration of various AEDs and
anti-psychotic drugs for the treatment of epilepsy and other
neurological disorders. See Stevens K E, Abrams D J,
Anchordoquy T, Bunch R. Central administration of stable
formulations of therapeutic agents for CNS conditions. WO
2009/014762 (2009).

[0005] Numerous challenges, both known and unknown,
confound any effort to administer a drug centrally, particu-
larly intrathecally. For example, Fisher et al. report that
intrathecally administered drugs “may not penetrate ven-
tricular fluids.” Fisher R S, Chen D K. New routes for
delivery of anti-epileptic medications. Acta Neurol Taiwan
2006; 15(4):225-31. Bennewitz et al. report that drugs
localize in ependymal cells lining the ventricles when
administered intrathecally, and as a consequence might not
even reach the site of focal seizures. Bennewitz M F and
Saltzman W M. Nanotechnology for Delivery of Drugs to
the Brain for Epilepsy. Neurotherapeutics, Vol. 6, 323-336,
April 2009. Because of these limitations, most recent efforts
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at CNS delivery have focused on administering the AED in
close proximity to the intended site of action, as through
intra-cerebroventricular delivery. See Stevens et al., supra,
WO 2009/014762 (2009).

[0006] Numerous AEDs have been developed for the
treatment of seizures over the years targeting various
molecular pathways, including levetiracetam, sold under the
trade name Keppra® by UCB Pharma (Smyrna, Ga.). The
injectable dosage form of Keppra® is approved in the
United States for adjunctive therapy, as an alternative when
oral administration is temporarily not feasible, in the treat-
ment of: (i) partial onset seizures in patients 1 month of age
and older with epilepsy, (ii) myoclonic seizures in patients
12 years of age and older with juvenile myoclonic epilepsy,
and (iii) primary generalized tonic-clonic seizures in patients
6 years of age and older with idiopathic generalized epi-
lepsy.

[0007] Treatment-resistant seizures are particularly prob-
lematic affecting approximately one third of epilepsy
patients. In 2010, the International League Against Epilepsy
published a consensus definition of drug-resistant epilepsy
that encompasses two hierarchical levels. Level 1 provides
a general scheme to categorize response to interventions as
seizure freedom, treatment failure, or undetermined, on the
basis of standard criteria. Level 1 provides the basis for
Level 2 determinations, which form the core definition of
drug-resistant epilepsy “as a failure of at least two tolerated,
appropriately chosen and used” AED regimens “to achieve
sustained freedom of seizures.” According to the “rule of
three” for calculating confidence intervals for zero events,
“sustained seizure freedom” requires that the patient be
seizure-free for at least three-times the longest inter-seizure
interval before the intervention, or at least 12 months,
whichever is greater.

[0008] Seizure clusters can be the most debilitating epi-
leptic event and the most difficult to treat, particularly if they
occur regularly. According to the Epilepsy Foundation, there
is no definitive clinical definition for a cluster or series of
seizures although, at the simplest level, a seizure cluster is
a closely grouped series of seizures. Studies examining
clinically defined seizure clustering patterns have used vary-
ing empiric definitions, including two to four seizures per
<48 hours; 3 seizures per 24 hours; or two generalized
tonic-clonic or three complex partial seizures in 4 hours.
Nonspecific definitions, such as “those having several con-
vulsions within a day or two,” have also been described. In
a large randomized controlled trial of treatment for acute
repetitive seizures, the condition was defined as “multiple
seizures occurring with a 24 period for adults or 12 hour
period for children, with a pattern distinguishable from the
usual seizure pattern.”

[0009] Accordingly, it is an object of the present invention
to treat both patients who experience seizures that are
resistant to treatment by systemically administered leveti-
racetam and other anti-epilepsy drugs, cluster seizures, and
other frequent debilitating seizures.

[0010] A further object of the present invention to provide
methods for treating such treatment-resistant seizures using
centrally administered anti-epileptic drugs, particularly
intrathecally administered levetiracetam.

[0011] Another object of the present invention is to pro-
vide methods for treating treatment-resistant seizure clus-
ters, particularly debilitating regularly occurring seizures
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and seizure clusters, using centrally administered AEDs,
particularly intrathecally administered levetiracetam.

[0012] Still another object of the present invention is to
provide pharmaceutically acceptable liquid solutions of
levetiracetam that are suitable for central administration to
epilepsy patients, which are particularly suitable for intrath-
ecal administration through an implantable reservoir-fed

pump.
SUMMARY OF INVENTION

[0013] The inventors have unexpectedly discovered that
levetiracetam administered intrathecally by the methods of
the current invention is able to treat seizures, even in patients
who suffer frequent debilitating seizures. The methods of the
present invention are particularly useful for preventing sei-
zures that are resistant to systemically administered leveti-
racetam, even in patients who frequently suffer multiple
debilitating seizures. Thus, in a first principal embodiment,
the invention provides a method of treating or preventing
seizures in a human patient in need thereof comprising
intrathecally administering to said patient a therapeutically
effective amount of a pharmaceutically acceptable solution
comprising levetiracetam or a pharmaceutically acceptable
salt thereof, wherein said seizures are resistant to treatment
by systemically administered levetiracetam.

[0014] The methods of the present invention are also
useful for preventing seizures that are resistant to other
systemically administered AEDs. Thus, in a second principal
embodiment the invention provides a method of treating or
preventing seizures in a human patient in need thereof
comprising intrathecally administering to said patient a
therapeutically effective amount of a pharmaceutically
acceptable solution comprising levetiracetam or a pharma-
ceutically acceptable salt thereof, wherein said seizures are
resistant to treatment by two or more systemically admin-
istered anti-epileptic drugs.

[0015] The methods also can be practiced using other
central methods of administration, to treat seizures that are
resistant to treatment by oral or systemic levetiracetam and
other anti-epileptic drugs. Thus, in a third principal embodi-
ment the invention provides a method of treating or pre-
venting seizures in a human patient in need thereof com-
prising centrally administering to said patient a
therapeutically effective amount of a pharmaceutically
acceptable solution comprising levetiracetam or a pharma-
ceutically acceptable salt thereof, wherein said seizures are
resistant to treatment by systemically administered leveti-
racetam.

[0016] A fourth principal embodiment the invention pro-
vides a method of treating or preventing seizures in a human
patient in need thereof comprising centrally administering to
said patient a therapeutically effective amount of a pharma-
ceutically acceptable solution comprising levetiracetam or a
pharmaceutically acceptable salt thereof, wherein said sei-
Zures are resistant to treatment by two or more systemically
administered anti-epileptic drugs.

[0017] Still another embodiment is directed toward the
treatment of frequent debilitating seizures using intrathecal
administration, regardless of whether the seizures are resis-
tant to treatment by systemically administered AEDs Thus,
in a fifth principal embodiment, the invention provides a
method of treating or preventing frequent debilitating sei-
zures in a human patient in need thereof comprising intrath-
ecally administering to said patient a therapeutically effec-
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tive amount of a pharmaceutically acceptable solution
comprising levetiracetam or a pharmaceutically acceptable
salt thereof.

[0018] Still further embodiments are directed to pharma-
ceutically acceptable solutions of levetiracetam useful for
practicing the methods of the present invention, which are
substantially isotonic, and unaffected by tonicity affecting
compounds such as sodium chloride and other halide salts,
particularly in quantities that render the solution non-iso-
tonic (i.e. outside the range of 270-330 mOsnv/kg). Thus, in
a sixth principal embodiment the invention provides a
substantially isotonic pharmaceutically acceptable solution
comprising from 2.5 to 60 mg/ml of levetiracetam in water,
buffered at a pH of from 5 to 7.

[0019] Additional advantages of the invention are set forth
in part in the description which follows, and in part will be
obvious from the description or may be learned by practice
of the invention. The advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the appended claims. It is
to be understood that both the foregoing general description
and the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as
claimed.

BRIEF DESCRIPTION OF THE FIGURES

[0020] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
several embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0021] FIG. 1 is a bar graph depicting cell viability of
murine cells at different concentrations of levetiracetam in
the MTT test described in Example 3. Results are reported
as mean=Standard deviation.

DETAILED DESCRIPTION

Definitions and Use of Terms

[0022] As used in this specification and in the claims
which follow, the singular forms “a,” “an” and “the” include
plural referents unless the context clearly dictates otherwise.
[0023] As used in this specification and in the claims
which follow, the word “comprise” and variations of the
word, such as “comprising” and “comprises,” means
“including but not limited to,” and is not intended to
exclude, for example, other additives, components, integers
or steps. When an element is described as comprising a
plurality components, steps or conditions, it will be under-
stood that the element can also be described as comprising
any combination of such plurality, or “consisting of” or
“consisting essentially of” the plurality or combination of
components, steps or conditions.

[0024] “Therapeutically effective amount” means that
amount which, when administered to a human for support-
ing or affecting a metabolic process, or for treating or
preventing a disease, is sufficient to cause such treatment or
prevention of the disease or supporting or affecting the
metabolic process.

[0025] When ranges are given by specifying the lower end
of a range separately from the upper end of the range, or
specifying particular numerical values, it will be understood
that a range can be defined by selectively combining any of
the lower end variables, upper end variables, and particular
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numerical values that is mathematically possible. In like
manner, when a range is defined as spanning from one
endpoint to another, the range will be understood also to
encompass a span between and excluding the two endpoints.

[0026] When “drug therapy” is recited, it will be under-
stood that the therapy can be accomplished through any
suitable route of administration using any acceptable dosage
form, and that the drug can be administered as the free base,
a salt, or an ester or other prodrug moiety.

[0027] When used herein the term “about” will compen-
sate for variability allowed for in the pharmaceutical indus-
try and inherent in products in this industry, such as differ-
ences in product strength due to manufacturing variation and
time-induced product degradation. The term allows for any
variation which in the practice of good manufacturing
practices would allow the product being evaluated to be
considered therapeutically equivalent or bioequivalent in
humans to the recited strength of a claimed product. When-
ever a number is recited herein, it will be understood that the
number can be preceded by the term “about.”

[0028] In the context of the present invention insofar as it
relates to any of the disease conditions recited herein, the
term “treatment” means to reduce the occurrence of a
symptom or condition, or to relieve or alleviate at least one
symptom associated with such condition, or to slow or
reverse the progression of such condition, or to manage or
affect the metabolic processes underlying such condition.
Within the meaning of the present invention, the terms also
denote to arrest, delay the onset (i.e., the period prior to
clinical manifestation of a disease) and/or reduce the risk of
developing or worsening a disease.

[0029] The phrase “acceptable” as used in connection with
compositions of the invention, refers to molecular entities
and other ingredients of such compositions that are physi-
ologically tolerable and do not typically produce untoward
reactions when administered to a subject (e.g., a mammal
such as a human).

[0030] An anti-epileptic drug or “AED” refers to any
medication shown to reduce the frequency of seizures in a
patient with epilepsy. Exemplary AEDs within the scope of
the present invention include carbamazepine, tiagabine,
levetiracetam, lamotrigine, pregabalin, fenfluramine, gaba-
pentin, phenytoin, topiramate, oxcarbazepine, valproate,
valproic acid, zonisamide, perampanel, eslicarbazepine
acetate, lacosamide, vigabatrin, rufinamide, fosphenytoin,
ethosuximide, phenobarbital, diazepam, lorazepam, clon-
azepam, clobazam, ezogabine, felbamate, primidone, aceta-
zolamide, brivaracetam, clorazepate, ethotoin, mephenytoin,
methsuximide, trimethadione, bumetanide, and adenosine.
In the methods of the current invention, the seizures can be
resistant to one, two, three, four, or more of any combination
of the foregoing AEDs.

[0031] A stable formulation can be defined as a formula-
tion that satisfies the chemical stability requirements
described in International Conference on Harmonization
Guideline ICH Q1A(R2) (February 2003).

[0032] “Systemic” administration is a route of adminis-
tration of medication, nutrition or other substance into the
circulatory system so that the entire body is affected. Admin-
istration can take place via enteral administration (absorp-
tion of the drug through the gastrointestinal tract, for
example, when orally administered) or parenteral adminis-
tration (generally injection, infusion, or implantation). Sys-
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temic administration should be distinguished from intrath-
ecal or central administration where only the central nervous
system is affected.

[0033] Intrathecal administration refers to the direct injec-
tion of medication from outside the body into the cerebro-
spinal fluid that occupies the subarachnoid space in the
central nervous system, via a catheter, needle or other
suitable injection device. Intrathecal administration can thus
be distinguished from systemic administration and epidural
administration. Intrathecal administration can be used to
deliver medication to the cerebrospinal fluid at any location
in the central nervous system, and will be referred to herein
as spinal intrathecal injection when the administration
occurs in the spine, and intracranial intrathecal delivery
when the administration occurs in the brain.

[0034] Seizure types and definitions can be found in the
International League Against Epilepsy (ILAE) Classification
of Epileptic Seizures (2017), published by RS Fisher et al.,
Operational classification of seizure types by the Interna-
tional League Against Epilepsy (“ILAE”): Position Paper of
the ILAE Commission for Classification and Terminology.
Epilepsia, 58(4):522-530, 2017 (“ILAE 2017 Position
Paper”).

[0035] Whenever a seizure is referred to herein, it will be
understood to encompass any of the seizure types described
in the ILAE 2017 Position Paper. It will also be understood
that the seizure is preferably a focal seizure unless the
seizure is expressly defined as another type. It will also be
understood that the seizures most suitable for treatment are
clinically meaningful or disabling.

[0036] Levetiracetam refers to (-)-(S)-a-ethyl-2-oxo-1-
pyrrolidine acetamide and any of its pharmaceutically
acceptable salts, represented by the following chemical

structure:
N&O
CH;CHa,,,
s
57 NCoNI,
Principal Embodiments
[0037] In a first principal embodiment, the invention pro-

vides a method of treating or preventing seizures in a human
patient in need thereof comprising intrathecally administer-
ing to said patient a therapeutically effective amount of a
pharmaceutically acceptable solution comprising levetirac-
etam or a pharmaceutically acceptable salt thereof, wherein
said seizures are resistant to treatment by systemically
administered levetiracetam.

[0038] In a second principal embodiment the invention
provides a method of treating or preventing seizures in a
human patient in need thereof comprising intrathecally
administering to said patient a therapeutically effective
amount of a pharmaceutically acceptable solution compris-
ing levetiracetam or a pharmaceutically acceptable salt
thereof, wherein said seizures are resistant to treatment by
two or more systemically administered anti-epileptic drugs.
[0039] In a third principal embodiment the invention pro-
vides a method of treating or preventing seizures in a human
patient in need thereof comprising centrally administering to
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said patient a therapeutically effective amount of a pharma-
ceutically acceptable solution comprising levetiracetam or a
pharmaceutically acceptable salt thereof, wherein said sei-
Zures are resistant to treatment by systemically administered
levetiracetam.

[0040] In a fourth principal embodiment the invention
provides a method of treating or preventing seizures in a
human patient in need thereof comprising centrally admin-
istering to said patient a therapeutically effective amount of
a pharmaceutically acceptable solution comprising leveti-
racetam or a pharmaceutically acceptable salt thereof,
wherein said seizures are resistant to treatment by two or
more systemically administered anti-epileptic drugs.
[0041] In a fifth principal embodiment the invention pro-
vides a method of treating or preventing frequent debilitat-
ing seizures in a human patient in need thereof comprising
intrathecally administering to said patient a therapeutically
effective amount of a pharmaceutically acceptable solution
comprising levetiracetam or a pharmaceutically acceptable
salt thereof.

[0042] Still further embodiments are directed to pharma-
ceutically acceptable solutions of levetiracetam useful for
practicing the methods of the present invention. Thus, in a
sixth principal embodiment the invention provides a sub-
stantially isotonic pharmaceutically acceptable solution
comprising from 2.5 to 60 mg/ml of levetiracetam in water,
buffered at a pH of from 5 to 7.

Exemplary Treatment Methods

[0043] The methods herein are particularly well adapted to
intrathecal administration of levetiracetam, although they
also can be used more generally in other central adminis-
tration techniques. By “central” administration is meant
physical administration targeted at the central nervous sys-
tem. Thus, the methods described herein generally comprise
central delivery of levetiracetam, including the pharmaceu-
tical compositions described herein, to a human patient in
need thereof. The solution can be administered intrathecally
through spinal or lumbar delivery into the subarachnoid
space; through intracranial delivery (administration into the
brain parenchyma); intracerebroventricular (ICV) delivery
(administration into the cerebral ventricles), etc.

[0044] The levetiracetam can be administered acutely or
chronically, and may be via injection, infusion, pump,
implantable pump, etc. A preferred method of administration
is chronic intrathecal administration to the spine or brain. In
one particular embodiment the solution is injected through a
catheter tip inserted into the thoracic or cervical region of the
spinal column of said patient. In another embodiment, the
solution is intrathecally injected through a catheter tip
inserted into the thoracic or cervical region of the spinal
column of said patient, preferably the cervical region. Thus,
the solution is preferably injected between the C1 and C7
vertebrae, between the C1 and C5 vertebrae, between the C1
and C3 vertebrae, or at the C1 vertebrate (i.e. immediately
above or below the C1 vertebrae) when intrathecally admin-
istered.

[0045] Alternatively, the intrathecal administration occurs
in the brain, via intracranial intrathecal administration. The
catheter can be positioned in any of the temporal lobes, with
the hippocampus the preferred anatomical target.

[0046] Generally the total daily dose can be adjusted based
on patient response, and a therapeutically effective dose
arrived at within 2-3 months or even 7-10 days when
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monitoring and adjustment is more aggressive. The total
daily dose of levetiracetam when given by intrathecal (spinal
or intracranial) or central administration will typically range
from 0.1 to 150 mg/day, from 0.5 to 60 mg/day, or from 2
to 40 mg/day. Alternatively, the total daily dose of leveti-
racetam when given by intrathecal (spinal or intracranial) or
central administration can range from 20 to 1000 mg/day,
from 50 to 500 mg/day, or from 75 to 350 mg/day. In still
further alternatives, the intrathecal (spinal or intracranial) or
centrally administered dose can range from 50 to 250
mg/day, from 250 to 500 mg/day, from 500 to 750 mg/day,
from 750 to 1000 mg/day, from 50 to 175 mg/day, from 175
to 300 mg/day, from 300 to 425 mg/day, from 425 to 550
mg/day, from 500 to 625 mg/day, from 625 to 750 mg/day,
from 750 to 875 mg/day, or from 875 to 1000 mg/day.
[0047] The rate of administration can also be determined
volumetrically, and in alternative and/or additional embodi-
ments the levetiracetam is administered at a rate of from
0.05 to 20 ml/day, from 0.1 to 10 ml/day, or from 0.2 to 2
ml/day. Once again, these volumetric ranges apply to
intrathecal (spinal or intracranial) or central administration.
[0048] The methods of the current invention can be prac-
ticed using any of the solutions of the current invention,
preferably adapted for use with an implantable pump so that
the concentration of the solution and its dosing rate correlate
with the volume in the pump’s reservoir and the intended
frequency of refilling the reservoir.

[0049] Inanother embodiment the solution is administered
continuously or intermittently over at least one week, one
month, or even two months from a fluid reservoir via an
implantable delivery device, before the reservoir must be
refilled. In still another embodiment the solution is admin-
istered continuously or intermittently over at least one week,
one month, or two months via an implantable delivery
device, without refilling, at a delivery rate of from 0.5 to 60
mg/day, from 0.1 to 150 mg/day, from 0.5 to 60 mg/day,
from 2 to 40 mg/day, from 20 to 1000 mg/day, from 50 to
500 mg/day, or from 75 to 350 mg/day, before the reservoir
must be refilled. In still further alternatives, the continuous
or intermittent dose can range from 50 to 250 mg/day, from
250 to 500 mg/day, from 500 to 750 mg/day, from 750 to
1000 mg/day, from 50 to 175 mg/day, from 175 to 300
mg/day, from 300 to 425 mg/day, from 425 to 550 mg/day,
from 500 to 625 mg/day, from 625 to 750 mg/day, from 750
to 875 mg/day, or from 875 to 1000 mg/day, over at least one
week, one month, or two months via an implantable delivery
device, without refilling. Once again, these dosing ranges
apply to intrathecal (spinal or intracranial) or central admin-
istration.

[0050] In other embodiments, the methods can be prac-
ticed either as monotherapy on in addition to background
AED therapy. Thus, in one embodiment, the method is
practiced as monotherapy. In other embodiments the method
is practiced as add-on therapy to a pre-existing drug regimen
comprising one, two, or more anti-epileptic drugs.

Epilepsies

[0051] The methods of the present invention can be used
to treat any individual who suffers from epilepsy. For use
herein, unless clearly indicated otherwise, “an individual”
intends any mammal, but preferably is a human. The indi-
vidual may have been diagnosed with, is suspected of
having, or is at risk of developing an indication for which
treatment with an AED is beneficial, such as epilepsy.



US 2021/0046047 Al

[0052] In addition, the methods of the present invention
can be used to treat any individual “in need thereof,”
including individuals who have a condition or disease for
which treatment with an AED is beneficial, such as epilepsy,
or who are “at risk” for the condition or disease. Methods for
the diagnosis of epilepsy, as well as procedures for the
identification of individuals at risk for developing epilepsy,
are well known to those in the art. Such procedures may
include clinical tests, physical examination, personal inter-
views, and assessment of family history.

[0053] In some embodiments, the individual (such as a
human) has refractory (i.e. treatment resistant) epilepsy.
AEDs Treatment resistance is preferably defined according
to the ILAE consensus definition as epilepsy for which there
has been “failure of adequate trials of two tolerated and
appropriately chosen and used AED schedules (whether as
monotherapies or in combination) to achieve sustained sei-
zure freedom.” P Kwan et al., Definition of drug resistant
epilepsy: consensus proposal by the ad hoc Task Force of the
ILAE Commission on Therapeutic Strategies. Epilepsia
2010; 51(6):1069-77. No seizure frequency requirement is
necessary to meet this ILAE definition. This allows for those
patients with infrequent seizures (e.g. occurring once a year)
to still be regarded as drug resistant, which is relevant to the
impact seizures have on lifestyle factors such as driving.

[0054] In some embodiments, the individual is selected
from the population of individuals who are refractory to
treatment via oral or systemic administration of' a compound
for the treatment of epilepsy. In some embodiments, the
individual has not responded to 1, 2, 3, 4, or more systemi-
cally administered AEDs (administered as separate mono-
therapies or as combination therapies) for the treatment of
epilepsy prior to treatment with a method of the invention.
In some embodiments, the individual has seizures that have
not been adequately controlled by 1, 2, 3, 4, or more AEDs
prior to treatment with a method of the invention. In some
embodiments, the individual is selected from the population
of individuals who are refractory (i.e. resistant) to treatment
via oral or systemic administration of AEDs. In some
embodiments, the individual has failed surgical treatment
(such as vagus nerve stimulation) or has been determined to
not have a surgical option for treatment. In various embodi-
ments, the individual has had at least 1, 2, 3, 4, 5, 6, or more
complex partial or generalized tonic-clonic seizures per
month for at least 1, 2, 3, 4, 5, 6, or more months prior to
treatment with a method of the invention. In one particular
embodiment, the individual has not responded to oral or
systemic levetiracetam therapy prior to the method of the
present invention, potentially in addition to 1, 2, 3, or 4, or
more additional AEDs. In yet another embodiment, the
individual has not responded to 1, 2, 3, 4, or more systemi-
cally administered AEDs.

[0055] Resistance to treatment can also be defined based
on the reduction in seizures—preferably focal (i.e. partial)
seizures—achieved by the patient’s background AEDs. In
one embodiment, the resistance to treatment is defined as the
failure to achieve sustained seizure freedom. In another
embodiment, the resistance to treatment is defined as an
inability to reduce the frequency of seizures by more than
20% or 50% or 80% compared to pre-treatment frequency.
In other embodiments, the resistance to treatment is defined
as the failure to reduce the frequency of seizures to less than
two or five seizures per month.
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[0056] Still further embodiments can be based on the
patient’s seizure frequency prior to initiating the levetirac-
etam therapy, again preferably based on the measurement of
focal (i.e. partial) seizures. Thus, in one embodiment the
patient has suffered during the three months preceding
initiation of the levetiracetam treatment of the current inven-
tion, on average, four, six, or eight or more focal seizures per
month. In an alternative or additional embodiment, the
patient has suffered in the three months preceding initiation
of said method no period longer than 30 days with less than
two, four, or six focal seizures. In yet another alternative or
additional embodiment, the patient has not suffered in the
three months preceding initiation of said method more than
10 focal seizures in one day or more than 300 focal seizures
in any one month period.

[0057] Particularly preferred embodiments are defined by
one of the following conditions:

[0058] the patient suffers cluster seizures according to
one of the definitions given in the background of this
document.

[0059] the patient suffers cluster seizures according to
one of the definitions given in the background of this
document and is resistant to treatment via oral or
systemic administration of levetiracetam.

[0060] the patient suffers focal seizures, either simple or
complex.
[0061] the patient suffers focal seizures, either simple or

complex, and is resistant to treatment via oral or
systemic administration of levetiracetam.

[0062]

[0063] the patient suffers general seizures and is resis-
tant to treatment via oral or systemic administration of
levetiracetam.

[0064] the patient suffers primary generalized tonic-
clonic seizures.

[0065] the patient suffers primary generalized tonic-
clonic seizures and is resistant to treatment via oral or
systemic administration of levetiracetam.

[0066] These methods can be used to treat any condition
for which treatment with an AED is beneficial, particularly
levetiracetam. By “treatment” or “treating” is meant an
approach for obtaining a beneficial or desired result, includ-
ing clinical results. For purposes of this invention, beneficial
or desired results include, but are not limited to, alleviation
or reduction in the number of symptoms (such as seizures)
associated with a condition (such as, but not limited to,
epilepsy), diminishment of the extent of the symptoms
associated with a condition (such as the severity or duration
of seizures), delaying the development of a condition, or
prevention of a worsening of the symptoms associated with
a condition. In some embodiments, treatment with the
pharmaceutical compositions disclosed herein is accompa-
nied by no or fewer side-effects than are associated with
currently available therapies.

[0067] In some embodiments, any of the methods
described herein produce a percentage reduction in total
seizure frequency of at least about 10, 20, 30, 40, 50, 60, 70,
80, 90, 95, or 100% compared to the seizure frequency in the
same individual prior to treatment or compared to the
seizure frequency in other individuals not receiving the
treatment. The seizure frequency is preferably based on the
number of seizures experienced in any given month.

the patient suffers general seizures.
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Exemplary Implantable Pumps

[0068] In certain preferred embodiments, the administra-
tion is via an implantable pump. By way of non-limiting
example, devices such as those disclosed in U.S. Patent
Publication 2004/0133184, which is herein incorporated by
reference in its entirety, may be used in addition to other
similar devices. Continuous administration may be achieved
using an implantable or attachable pump controlled delivery
device, such as the SynchroMed-II® pump marketed by
Medtronic, Inc. (Minneapolis, Minn.). Other implantable
pumps suitable for practicing the present invention are
manufactured by Flowonix Medical, Inc. (Mt. Olive, N.I.)
under the Prometra® line of programmable pumps, and
tricumed Medizintechnik GmbH (Kiel Germany).

[0069] Certain embodiments involve using an implanted
catheter pump system for at least one month, at least about
two months, at least about three months, at least about 4
months, at least about 5 months, at least about 6 months, etc.
of chronic intrathecal administration. These pumps are
implanted in a 45-minute procedure performed by anesthe-
siologists, neurosurgeons, and general surgeons. The pump
is located in the abdomen and the catheter is placed into the
CSF through a spinal tap. The catheter lies outside the spinal
cord tissue and medication is administered from the tip of
the catheter.

[0070] The pump drug reservoir is designed for refill,
typically at an interval of from one month to one year,
depending on patient dosing requirements. In clinical prac-
tice, a physician (or nursing and physician assistant) will
program and refill the pump. Typical follow-up after a pump
placement is 1 week, with a second visit 1 month later.
Usually patients are seen at a maximum of once per week for
programmable dose adjustment in the first two to three
months and thereafter every three months unless symptoms
or medication side-effects require programming adjustment
of the drug dose.

[0071] Injection from the implantable pump is typically
continuous or intermittent, using a computerized pump
preferably to provide a delivery rate of about 1.5 to about 90
mg of levetiracetam per hour depending on the severity of
symptoms. CSF concentration can be periodically monitored
and the delivery rate adjusted accordingly to provide a
steady-state concentration of about 10 to about 500 mcg/ml
levetiracetam in the cerebrospinal fluid, from about 50 to
about 400 mcg/ml levetiracetam in the cerebrospinal fluid,
or from about 100 to about 350 mcg/ml levetiracetam in the
cerebrospinal fluid. These concentrations apply to intrathe-
cal delivery including spinal and intracranial delivery.

Pharmaceutical Compositions

[0072] One aspect of the invention is drawn to pharma-
ceutical compositions of levetiracetam suitable for central
administration, particularly long term or chronic central
administration, using implantable intrathecal pumps. Thus,
in one principal embodiment the invention provides a sub-
stantially isotonic pharmaceutically acceptable solution of
levetiracetam in water, preferably at a pH of from 5 to 7, and
an optional pH buffer. In another embodiment the invention
provides a pharmaceutically acceptable solution comprising
or consisting of from 2.5 to 60 mg/ml of levetiracetam in
water, preferably at a pH of from 5 to 7, and an optional pH
buffer. In either of the foregoing embodiments, it is preferred
that no other ingredients be present in the formulation other
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than unintended by-products, degradants, and other con-
taminants, and necessary that the solution be isotonic or
substantially isotonic.

[0073] In a particularly preferred embodiment, in any of
the formulations of the present invention, the levetiracetam
remains soluble and stable in the solution for at least about
two months at 37° C. By remains “stable” is meant that no
more than 1%, 5%, 0.1%, or 0.05% of the levetiracetam is
degraded when stored in the reservoir or other storage unit
such as a closed vial at 37° C., tested under the conditions
prescribed in International Conference on Harmonization
Guideline ICH Q1A(R2) (February 2003).

[0074] Further it is necessary to maintain substantial
physiological isotonicity for the formulations. A solution
that is substantially isotonic refers to a solution that is either
isotonic (i.e. 270-330 mOsm/kg) or, if falling slightly out-
side the range of osmolality for an isotonic solution, is not
expected to produce any unacceptable toxic effects. Thus,
when a solution is referred to as substantially isotonic
herein, it will be understood to refer to solutions in the
270-330 mOsnvkg range, solutions slightly outside the
270-330 mOsm/kg range that are not expected to result in
unacceptable toxicity, or simply solutions within approxi-
mately 10% or 15% of the range of osmolality (i.e. 243-363
mOsm/kg or 229-380 mOsm/kg). In another embodiment, a
“substantially isotonic solution” will refer to an aqueous
solution of levetiracetam at a levetiracetam concentration of
from 2.5 to 60 mg/ml with no other solutes such as sodium
chloride or other halide salts affecting the tonicity present in
the solution, other than pH adjusting agents and buffering
agents.

[0075] Sodium chloride and other halide salts that affect
the tonicity of the solution are preferably omitted from the
formulations and unnecessary because levetiracetam itself
yields an isotonic (or slightly above isotonic) formulation in
the formulations of the present invention. The following
table gives the osmolality of various concentrations of
levetiracetam in water:

Levetiracetam conc. Osmolality
(mg/ml) (mOsm/kg)

2.75 16

45 262

50 292

60 348

65 377

[0076] The pH of the formulation can range from 3 to 7,
from 5 to 7, from 5 to 6, from 6 to 7, from 6.2 to 7, or from
6.5 to 7, but preferably ranges from 5.2 to 5.8.

[0077] The solutions of the present invention preferably
have a levetiracetam concentration of from 2.5 to 60 mg/ml,
but the levetiracetam concentration also can range from 10
to 60 mg/ml, from 20 to 60 mg/ml, from 30 to 60 mg/ml, or
from 40 to 60 mg/ml, depending on the dose required to
deliver a therapeutically effective amount and the volumetric
delivery rate desired during administration.

[0078] When a pH buffer is employed, the buffer prefer-
ably comprises acetic acid and sodium acetate in quantities
necessary to achieve the desired pH (i.e. 5-7, 5-6, 5.2-5.8,
6-7, 6.2-7, or 6.5-7). In a particularly preferred embodiment,
the solutions of the present invention are substantially
isotonic and buffered at a pH of from 5 to 6, in the absence
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of sodium chloride or another halide salt. In a still further
embodiment, the solutions of the present invention are
buffered at a pH of from 5.2 to 5.8 with a buffer comprising
acetic acid and sodium acetate, preferably in the absence of
sodium chloride or another halide salt.

[0079] In still further defined embodiments:

[0080] the solution comprises from 2.5 to 60 mg/ml,
from 10 to 60 mg/ml, or from 40 to 60 mg/ml of
levetiracetam in water and an optional pH buffer

[0081] the solution is a substantially isotonic solution
comprising from 2.5 to 60 mg/ml, from 10 to 60 mg/ml,
or from 40 to 60 mg/ml of levetiracetam in water and
an optional pH buffer;

[0082] the solution is a substantially isotonic solution
comprising from 2.5 to 60 mg/ml, from 10 to 60 mg/ml,
or from 40 to 60 mg/ml of levetiracetam in water
buffered at a pH of from 5 to 7;

[0083] the said solution is a substantially isotonic solu-
tion comprising from 2.5 to 60 mg/ml, from 10 to 60
mg/ml, or from 40 to 60 mg/ml of levetiracetam in
water buffered at a pH of from 5 to 7, wherein said
buffer comprises acetic acid and sodium acetate; or

[0084] the solution is a substantially isotonic solution
comprising from 2.5 to 60 mg/ml, from 10 to 60 mg/ml,
or from 40 to 60 mg/ml of levetiracetam in water
buffered at a pH of from 5 to 7, in the absence of
sodium chloride or another halide salt.

EXAMPLES

[0085] In the following examples, efforts have been made
to ensure accuracy with respect to numbers (e.g., amounts,
temperature, etc.) but some errors and deviations should be
accounted for. The following examples are put forth so as to
provide those of ordinary skill in the art with a complete
disclosure and description of how the methods claimed
herein are made and evaluated, and are intended to be purely
exemplary of the invention and are not intended to limit the
scope of what the inventors regard as their invention.

Example 1. Exemplary and Comparative
Formulations

[0086] Table 1 provides an exemplary formulation of
levetiracetam of the current invention ready to use without
further dilution or modification. Table 1 also describes the
formulation of commercially available 5 ml vials of Kep-
pra®, and the formulation of Keppra® injection after dilu-
tion according to the drug’s FDA-approved prescribing
information.

TABLE 1

Invention Keppra ® Keppra ®
Formulation 1 (5 ml vial) (diluted)*
isotonic hypertonic isotonic

(~950 mOsm/kg) (270-330 mOsm/kg)
50 mg/ml 100 mg/ml 5-15 mg/ml
levetiracetam levetiracetam levetiracetam
0.0 mg/ml NaCl 9 mg/ml NaCl ~0.009 mg/ml NaCl

(assumes dilution in 100

ml 0.9% saline)
0.68 mg/ml sodium 1.64 mg/ml sodium ~0.0164 mg/ml sodium
acetate trihydrate acetate trihydrate acetate trihydrate

(assumed dilution in 100 ml)
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TABLE 1-continued

Invention Keppra ® Keppra ®
Formulation 1 (5 ml vial) (diluted)*
Glacial acetic acid ~ Glacial acetic acid

g.s. to pH 5.5 g.s. to pH 5.5

Water g.s. Water g.s. Water g.s.

*According to FDA’s approve prescribing information for Keppra injection, from one to
three vials (1000 mg/vial) may be diluted in 100 ml saline (0.9%) or dextrose (5%) or
lactated ringer’s.

[0087] Alternative formulations of the present invention
are described in Table 2:

TABLE 2

Invention Formulation 2 Invention Formulation 3

0.5% (5 mg/ml) levetiracetam
Isotonic (289 mOsm/kg)

0.68 mg/ml sodium

acetate trihydrate

8 mg/ml NaCl

Glacial acetic acid g.s. to pH 5.5

0.05% (0.5 mg/ml) levetiracetam
Isotonic (293 mOsm/kg)

0.68 mg/ml sodium

acetate trihydrate

8.8 mg/ml NaCl

Glacial acetic acid g.s. to pH 5.5

Example 2: Evaluation of Levetiracetam
Administered Intrathecally in a Model of Epileptic
Rats

[0088] WAG/Rij male rats (aged 168 to 175 days), a strain
originating from Wistar rats, are extensively used as a valid
genetic animal model of generalized absence epilepsy (Co-
enen, A. M 2003). Rats belonging to this strain, at around
2-3 months of life, begin to develop synchronous bilateral
discharges (SWD, 7-10 Hz) with peaks at the cortical
electroencephalogram (EEG) accompanied by concomitant
behavioral episodes of contractions of the vibrissae and
accelerated exhalation, head tilt and often eye twitching as
in absences that occur in humans.
[0089] SWDs are detected in WAG/R]j rats for the first
time at around 60-80 days of life. The first SWDs are rare (1
or 2 per hour) and short-lived (1-3 s), the wave is not yet
developed, the frequency between the peaks during a dis-
charge is low (4-5 Hz) and the peaks are not very well
defined. With age, the number, duration and the frequency of
SWDs increase while their amplitude is not changed. The
number of animals with SWD also increases according to
age: at 3 months of age, 50% of WAG/Rij have fully
developed SWD, and at 6 months of age 100% of animals
show mature SWD (about 16-20 hour) with a frequency of
about 8 Hz and average duration of about 5 seconds. After
6 months of life, there is still an age-dependent increase in
the number of SWDs per hour and average duration.
[0090] On arrival, WAG/Rij rats were acclimatized at a
constant temperature of 20-24° C., with light cycles of 12
hours and with ad libitum access to food and water. At the
end of the acclimatization period, the rats were implanted
with 2 ml. mini-pumps according to the following surgical
procedures.
[0091] 1. Clean the operating table with ethanol 70%
and cover with sterile drapes to position the Stereotax.
[0092] 2. Start gaseous anesthesia (isoflurane 4% and
O, at 0.4 L./min) and direct the flux in anesthesia room.
Position the rat in the anesthesia room.
[0093] 3. Shave the anaesthetized rat from the upper
part of the shoulder up to the eyes then place the animal
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on the Sterotax. Insert mouth and nose in the cone
supplying isoflurane to guarantee anesthesia mainte-

nance.
[0094] 4. Fix the head of the rat with the bars in the ears.
[0095] 5. Disinfect the surgical field by cleaning the

upper part of the head and of the neck with a circular
movement from the center of the shaved area moving
outwards, first with a piece of cotton dipped in 95%
ethanol, and then with a piece of cotton dipped in

iodine.
[0096] 6. Implant the osmotic mini-pumps (Alzet) as
follows:
[0097] a. Cut the skin from the neck to the supraor-
bital area.
[0098] b. Create the subcutaneous pocket for the

osmotic pump using blunt scissors with the curve
facing upwards and sliding them under the skin at the
base of the back of the neck.

[0099] c. Clean the skull with sterile cotton swabs,
followed by a piece of cotton dipped in hydrogen
peroxide.

[0100] d. Insert the pump subcutaneously at the base
of the neck and push it posteriorly towards the left
side.

[0101] e. Move the cannula driver to the delivery

position and fix it.

[0102] f. Point the tip of the catheter on the bregma
and drill a hole in the skull before lowering the
catheter. Guide the thin metal catheter through the
skull until the base of the plastic cannula is pressed
against the top of the skull. Fix the needle-cannula
with glass ionomer cement.

[0103] g. Suture the skin and apply a small amount of
antibiotic ointment on the head and neck.

[0104] To assess the efficacy and safety of levetiracetam
administered by intrathecal route (“Seeliva”), 50 WAG/Rjj
rats were distributed in six experimental groups. Control
animals (n=25) were not implanted with the osmotic pump
and received no treatment. Twenty-five animals were
implanted with osmotic pumps and divided into five treat-
ment groups to receive five different drug concentrations
(0.05 mg/ml, 0.1 mg/ml, 1 mg/ml, 2.5 mg/ml and 5 mg/ml).
Each concentration was prepared by dilution of Seeliva (50
mg/ml levetiracetam) in a sterile saline solution. The pumps
were then filled up to their maximum capacity of 2 ml with
the different concentrations and administered at a delivery
rate of 2.5 pl/h and a dose of 60 pl/day for 28 days to
guarantee the daily doses reported in Table 3.

TABLE 3
N. of Dose
Group animals Concentration mg/day*
1 25 0 0
2 5 0.05 mg/ml 0.003
3 5 0.1 mg/ml 0.006
4 5 1 mg/ml 0.06
5 5 2.5 mg/ml 0.15
6 5 5 mg/ml 0.30
[0105] For the whole duration of the experiment, the

animals were filmed 24 hours a day. The animals were
checked daily by the veterinarian regarding the location of
the surgical implant and the state of animal welfare. In
addition, the animals were weighed daily at 04:00 p.m.
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[0106] The clinical status of the animals was assessed
using the Score Sheet System (shown in the Table 4) which
includes the Rat Grimace Scale (Sotocinal et al. 2011), for
the evaluation of signs and behaviors (Table 5) which
assigns a score based on severity (from 0-3 relative to the
parameter considered).

TABLE 4
Score Score Score
Day Day Day
Date/ Date/ Date/
Animal ID: Time Time Time
Body Weight Normal loss or up to 5%
Loss of 5-10%
Loss over 10%
Phenotype Orbital tightening
(score 0-2 to be  Flattening nose/cheeks
attributed to Ear changes

Vibrissae movement

Fur condition

Physiological Normal breath

State Slightly fatigued breathing
Considerably fatigued breathing

Phycological Normal behavior

State Slightly subdued behavior

Moderate change in behavior

and/or outside of cage mates

Reacts violently/vocalization

TOTAL SCORE

each parameter)

TABLE 5

SCORE DEFINITION

0  normal condition of the animal
1-2  slight alteration of the parameters, requires more detailed
monitoring
3-5  average alteration of the parameters, to be considered analgesia
6-10 significant suffering frequently observed

[0107] Throughout the observation period, rats of control
group and rats treated with Seeliva at concentrations of 0.05
mg/ml, 0.1 mg/ml, 1 mg/ml and 2.5 mg/ml had a Score Sheet
equal to O (condition of normal state). In contrast, rats
treated with Seeliva at the 5 mg/ml concentration accumu-
lated a score of 1.0 due to slightly subdued behavior
accompanied by abnormal behavior both inside and outside
of the cage compatible with a state of low reactivity and
vigilance (sleepy tendency).

[0108] During the video recording, it was possible to
verify that the rats in the control group presented concomi-
tant episodes of contractions of the vibrissae and accelerated
breathing, inclination of the head and, often, contractions of
the eyes. 100% of the animals in the control group showed
these episodes. This result is in line with information in the
supplier company fact sheet which reports that around 6
months of life all animals exhibit this symptomatology.
From the video recordings we were able to verify that the
animals of the control group presented these behavioral
episodes lasting 15-18 seconds during the 12 light hours
every hour. In the dark hours the duration was similar while
the frequency was reduced to one crisis every 1.45/hour.
[0109] Rats treated with Seeliva at concentrations of 0.05
mg/ml and 0.1 mg/ml did not show any significant reduction
in the number of seizures, when compared to the control
group. The group treated with 1 mg/ml presented a reduction
of seizures equal to 10% per day but only during the 12
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hours of darkness. A significant reduction in the crisis was
found in the group of Rats that received the drug at a
concentration of 2.5 mg/ml. Specifically, all animals belong-
ing to this experimental group presented a reduction in the
number of seizures of 87.4%. In this case, the reduction
occurred evenly between 12 light hours and 12 dark hours.
The crises that persisted were also slightly reduced in
duration. Specifically, the seizures went from a duration of
15-18 seconds to a duration of between 9 and 11 seconds.
[0110] The experimental group that received drug at a
concentration of 5 mg/ml showed a slightly sleepy state
from the beginning of treatment that worsened over time.
This experimental group had a crisis reduction of 91.8%,
taking into account the adverse event (sleepiness) found.
Also in this group the seizure duration was shorter, lasting
between 9 and 11 seconds.

[0111] 28 days after positioning the cannula, the animals
were sacrificed. Shortly before the sacrifice, a blood sample
was taken from the inferior vena cava for hematological
tests. No abnormalities in the hematology were recorded in
any group. At sacrifice, the brains of each animal were
collected and macroscopically evaluated for potential drug
related signs in the cerebral hemispheres. The liver and
kidneys were also collected from each animal and evaluated
both macroscopically and microscopically to assess any
possible drug related toxicity of the drug disposal routes.
After 28 days of drug infusion, there were no signs of
toxicity in the cerebral hemispheres in any experimental
group. Furthermore, macroscopic and microscopic evalua-
tions revealed no significant alterations in the kidneys and in
the liver at any dose of drug tested.

Example 3. Study to Evaluate the Toxicity of
Levetiracetam in a Murine Neuronal Cell Line

[0112] To assess the in vitro cytotoxicity of levetiracetam
50 mg/mL (“Seeliva”) on motoneurons, NSC-34, a mouse
motor neuronal cell line, has been selected for the test.
NSC-34 was purchased from Cellutions Biosystems Inc.,
Cedarlane (Toronto Canada) at passage 27.

[0113] To perform the experiment, cells at passage 30
were first thawed and seeded for 3 days in DMEM (Dul-
becco’s Modified Eagle’s Medium) high glucose, supple-
mented with 1% antibiotics, glutamine and 10% FBS, at 37°
C. and 5% CO, then harvested and reseeded (passage 31) in
96-well plates (100 pl/well) and cultured for 24 hours to
reach 70%-80% confluence.

[0114] On the day of the experiment, culture medium was
withdrawn and replaced with 100 pl of fresh medium
containing Seeliva at concentrations ranging from 0.5 to
2.75 mg/ml (8 replicates for each concentration and control).
Plates were then incubated for 24 hours, at 37° C. and 5%
CO,. After incubation, 10 pl/well MTT (Thiazolyl Blue
Tetrazolium Bromide) solution at 5 mg/ml (final concentra-
tion in the well: 0.5 mg/ml), were added to each well. The
plate was then put back into the incubator at 37° C. and 5%
CO, for 4 hours.

[0115] Formazan crystals were then solubilized by the
addition of 100 pl/well of 0.1N HCI in isopropanol and a
further 1-hour incubation. Absorbance (at 595 nm) was read
by a microplate spectrophotometer. Each absorbance value
was corrected by the blank (absorbance obtained by reading
wells containing only medium, MTT and 0.IN HCl in
isopropanol, not seeded with cells) and compared with the
absorbance recorded in untreated controls.
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[0116] The experiment was repeated three times. The
higher the absorbance, the higher the viability of the cells.
Results obtained in the three separate experiments, reported
in FIG. 1, showed that Seeliva was not cytotoxic for mouse
motor neuronal cell line NSC-34 in the tested concentration
range (0.5-2.75 mg/mL).

Example 4. Study to Evaluate Treatment Efficacy
in Humans

Brief Summary

[0117] Patients with medically refractory epilepsy will be
treated by intrathecal delivery of the levetiracetam solution
described in Example 1 using an implantable drug pump
system. The dose of levetiracetam will be escalated weekly
during a blinded-evaluation period through Day 64 to deter-
mine the maximum tolerated dose (MTD). After Day 64,
patients can continue for 52 weeks in the open-label evalu-
ation period (non-blinded).

DETAILED DESCRIPTION

[0118] Epilepsy patients that are refractory to oral AED
treatment have significantly higher mortality, higher mor-
bidity, higher economic costs and diminished quality of life
compared to those who suffer from epilepsy that can be
adequately controlled with medical management. Current
options for refractory patients include neurosurgical brain
resection, responsive neurostimulation, and vagal nerve
stimulation. None of these options is satisfactory due to the
low applicability of surgery for patients with poorly local-
ized or multifocal seizures and the limited success of cur-
rently available alternative treatment options.

[0119] In this study, patients with medically refractory
focal epilepsy will be treated with intrathecal administration
of levetiracetam using an implantable drug pump system.
The solution is intrathecally injected through a catheter tip
inserted into the thoracic or cerebral region of the spinal
column of said patient, between the T7 and C1 vertebrae.
This is a dose ranging study, with a randomized, double-
blind dose escalation component, to establish the dose range
of intrathecal levetiracetam delivery.

[0120] Clinical assessments, adverse events (AEs), seizure
diaries, concomitant medications, blood samples and cere-
brospinal fluid (CSF) will be collected and reviewed at
designated time points. Magnetic resonance imaging (MM)
and electroencephalography (EEG) can also be performed.
Subjects should have their surgery, dose changes and phar-
macokinetics performed in an inpatient setting.

[0121] The intrathecal levetiracetam dose will be esca-
lated stepwise from 5 mg/day to 300 mg/day through Day 64
if tolerated, or stopped earlier upon establishment of a
subject’s maximum tolerated dose (MTD). The MTD for
each subject will be determined based on the highest dose
tolerated without experiencing a dose-limiting adverse event
(AE). After establishing a subject’s MTD, delivery of
intrathecal levetiracetam will continue at the MTD through
Day 64 of the blinded evaluation period. Subjects and
assessing physicians will remain blinded to the treatment
dose during the blinded evaluation period. Subjects can
continue in the open-label evaluation period (non-blinded)
for 52 weeks following the blinded evaluation period.
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Study Design

Study Type: Interventional (Clinical Trial)
[0122] Estimated Enrollment: 12 participants

Intervention Model: Single Group Assignment

Masking: None (Open Label)

Primary Purpose: Treatment

Official Title: A Dose Ranging Pilot Study to Assess

Intrathecal Delivery of Levetiracetam in Subjects With
Focal Seizures.
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period longer than 30 days in the 3 months prior to
enrollment with less than 2 seizures.

[0134] Subject has seizures that are distinct, stereotypi-
cal events that can be reliably counted, in the opinion
of the Investigator, by the subject or caregiver.

[0135] Medically refractory for more than one year.

Exclusion Criteria:

[0136] Subject has any significant neurologic disease
other than epilepsy.

[0137] Subject has history, within 12 months prior to
screening, of repetitive seizures that cannot be counted.

[0138] Subject has pseudoseizures or seizures second-

Eligibility Criteria

Ages Eligible for Study: 18 Years to 65 Years (Adult, Older
Adult)

Sexes Eligible for Study: All

Inclusion Criteria:

[0123] Subject does not have coagulopathy, ventricular
anatomic distortion or abnormally low brain weight or
significant volume loss etc. and is approved to have
surgery.

[0124] Subject had onset of epilepsy after age 5, had
normal brain development up to age 5, and has full
scale IQ >70 by testing or functional assessment.

[0125] Subject has brain volume which is not noted to
be abnormally small due to atrophy by either the
radiologist reading on MRI scan or the treating clini-
cians (the neurosurgeon) review of the MRI scan.

[0126] Subject has had confirmed epilepsy for a mini-
mum of 1 year, with diagnosis of focal seizures, with or
without secondarily generalized seizures, as defined by
the International League Against Epilepsy (ILAE)
Classification of Epileptic Seizures (1981).

[0127] In the opinion of the investigator, subject has
disabling seizures. Disabling refers to seizures that are
severe enough to cause injuries, or significantly impair
functional ability in domains including employment,
psychosocial education and mobility.

[0128] Subject has had a CT or MRI of the brain to rule
out progressive structural lesions.

[0129] Subject has had an EEG or video EEG or inva-
sive monitoring within the past 3 yrs consistent with
partial seizures (a normal interictal EEG is consistent
with partial seizures)

[0130] Subject has previously failed at least 3 AEDs in
single or combination use.

[0131] Subject is taking currently approved AED medi-
cation(s) and has been on a stable dosing regimen for
1 month prior to screening.

[0132] Subject has completed all investigations neces-
sary to satisfy the Investigator that noninvasive thera-
pies are not likely to be satisfactorily successful.

[0133] For the 3 months before informed consent an
average of four or more clinically significant focal
seizures, with or without secondary generalization, per
month. Only seizures with objectively visible manifes-
tations should be counted. The subject should have no

ary to illicit drug or alcohol use, neoplasia, active CNS
infection, demyelinating disease, degenerative neuro-
logical disease, progressive central nervous system
disease or metabolic illness.

[0139] Subject has been diagnosed with partial motor,
primarily generalized seizures or has been diagnosed
with psychogenic or nonepileptic seizures in the pre-
ceding year.

[0140] Subject has had status epilepticus refractory to
benzodiazepines and phenytoin within one year prior to
screening.

[0141] Subject is currently taking neuroleptic medica-
tion for behavior control.

[0142] Subject is currently implanted with an activated
DBS, or RNS device used for treatment of a neurologic
or psychiatric condition.

[0143] Subject has VNS and the VNS stimulation
parameters are not stable. Stable shall be defined such
that the stimulation parameters have been changed in
the last 4 months or the patient/designee is able to
report “magnet swipe” during the same time period.

[0144] Subject has had more than 10 seizures in one day
or more than 300 seizures in one month within the last
year.

[0145] In the opinion of the investigator, the subject has
a clinically significant or unstable medical condition
(including alcohol and/or drug abuse) or a progressive
CNS disease.

[0146] Throughout this application, various publications
are referenced. The disclosures of these publications in their
entireties are hereby incorporated by reference into this
application in order to more fully describe the state of the art
to which this invention pertains. It will be apparent to those
skilled in the art that various modifications and variations
can be made in the present invention without departing from
the scope or spirit of the invention. Other embodiments of
the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the inven-
tion disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope
and spirit of the invention being indicated by the following
claims.

1) (canceled)

2) (canceled)

3) A method of treating or preventing seizures in a human
patient in need thereof comprising centrally administering to
said patient a therapeutically effective amount of a pharma-
ceutically acceptable solution comprising levetiracetam or a
pharmaceutically acceptable salt thereof, wherein said sei-
Zures are resistant to treatment by systemically administered
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levetiracetam or two or more systemically administered
anti-epileptic drugs other than levetiracetam.

4) (canceled)

5) A method of treating or preventing frequent debilitating
seizures in a human patient in need thereof comprising
intrathecally administering to said patient a therapeutically
effective amount of a pharmaceutically acceptable solution
comprising levetiracetam or a pharmaceutically acceptable
salt thereof.

6) A substantially isotonic pharmaceutically acceptable
solution comprising from 2.5 to 60 mg/ml of levetiracetam
in water, buffered at a pH of from 5 to 7.

7) The method of claim 3, wherein said levetiracetam is
administered via intrathecal intracranial administration.

8) The method of claim 3 wherein said levetiracetam is
administered intrathecally through a catheter tip inserted in
the cervical region of the spine from the C1 to the C3
vertebrae.

9) (canceled)

10) (canceled)

11) (canceled)

12) The method of claim 3, wherein the solution is
administered continuously or intermittently at a delivery rate
of from 20 to 1000 mg levetiracetam per day.

13) (canceled)

14) (canceled)

15) The method of claim 3, wherein the solution has a
levetiracetam concentration of from 20 to 60 mg/ml and is
administered continuously or intermittently at a delivery rate
of from 20 to 1000 mg/day.

16) The method of claim 3, wherein the solution has a
levetiracetam concentration of from 20 to 1000 mg/day.

17) (canceled)

18) The method of claim 3, wherein the solution is
administered continuously or intermittently over at least one
month via an implantable delivery device, at a delivery rate
of from 20 to 1000 mg levetiracetam per day.
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19) The method of claim 3 wherein the levetiracetam is
administered at a concentration of from 40 to 60 mg/ml.

20) The method of claim 3 wherein the levetiracetam is
administered at a volumetric rate of from 0.05 to 20 ml/day.

21) The method of claim 3, wherein the patient is resistant
to treatment via oral or systemic administration of four or
more AEDs.

22-36) (canceled)

37) The method of claim 3, wherein said solution is a
substantially isotonic solution comprising from 2.5 to 60
mg/ml levetiracetam in water and an optional pH buffer.

38) The method of claim 3, wherein said solution is a
substantially isotonic solution comprising from 2.5 to 60
mg/ml levetiracetam in water buffered at a pH of from 5 to
7.

39) The method of claim 3, wherein said solution is a
substantially isotonic solution comprising from 2.5 to 60
mg/ml levetiracetam in water buffered at a pH of from 5 to
7, in the absence of sodium chloride or another halide salt.

40) The method of claim 3, wherein said levetiracetam is
administered intrathecally, intra-spinally, intracerebroven-
tricularly, or intracranially.

41) The solution of claim 6, comprising from 10 to 60
mg/ml levetiracetam.

42) The solution of claim 6, comprising from 10 to 60
mg/ml levetiracetam, buffered at a pH of from 5.0 to 6.0.

43) (canceled)

44) The solution of claim 6, buffered at a pH of from 5.2
to 5.8, in the absence of sodium chloride or another halide
salt.

45) The solution of claim 6, comprising from 40 to 60
mg/ml levetiracetam, buffered at a pH of from 5.2 to 5.8,
wherein said buffer comprises acetic acid and sodium
acetate, in the absence of sodium chloride or another halide
salt.

46-63) (canceled)



